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Abstract
Doubly plunging synforms filled with amphibolite-facies gneisses and migmatites are situated in the
south-central part of the granulite-facies Highland Complex in Sri Lanka. The geologic structures studied
in one of these arenas, the Gadaladeniya Arena, are complex and characterized by well developed L-S and
fold structures. The sequence of deformation is I: pre-arena, 2: syn-arena and 3: post-arena events, with the
formation of the "arena structure (doubly plunging synform)" as a chronological criterion of deformational events.
l: Pre-arena structures include the banding of gneisses and such deformational structures as pinch-and
-swell structures, intrafolial isoclinal-tight small folding and intrafolial rootless small folds (Fl). These
structures are affected by the syn-arena and post-arena deformations.
2: During the syn-arena event, the "arena structure" was formed. This event can be subdivided into
(i) an earlier deformational stage and (ii) a later deformational stage. Structures of the earlier deformational
stage include mesoscopic to macroscopic upright gentle-open type folds with the NE trending axes
(F2). Structures of the later deformational stage include the NW trending major linear folds (F3) of the
close type mostly with an upright axial surface. Close-tight type minor folds, whose axes are parallel to those
of the major folds, were formed during this stage. Some of the mineral lineations associated with the major
folds were also formed during this stage. The superposition of the earlier and later deformational stages
resulted in the formation of the doubly plunging synform, which is the interference pattern of the RAMSAY type 1.
3: During the post-arena event (04), the long axis of the "arena structure" was bent. Structures during
this event include the NE-S\V gentle major folds with upright axial surfacies (F4) and associated minor gentle
type folds with similar trend.
The Arena Gneiss lie structurally on the Highland Complex, and its base in the Gadaladeniya Arena are
structurally discontinuous the Highland Complex.
Structures of the Highland Complex are composed of structures formed during Ohl, Oh2, Oh3 and Oh4
deformations from the earliest to the latest. Structures after the Ohl show good similarities with those of
D2, 03 and 04 structures identified in the Arena Gneiss, whereas Oh 1 and 01 structures show dissimilarity
in the direction of the hinges of folds. Therefore, the gneisses in the Gadaladeniya Arena are allochothonous
to the Highland Complex. The juxtaposition of the two units are considered to have taken place after the
01 and synchronously with or before the 02 deformations.
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1. Introduction
High-grade metamorphic terrains composed
facies rocks are widely distributed in Sri Lanka.
Gondwana supercontinent and the structural and
mostly of amphibolite- and granulite-
These terrains are a small part of the
tectonic evolutions, probably from the
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latest Archean to the earliest Palaeozoic, in the lower continental crust of Gondowana
are well preserved in them.
The Precambrian terrains of Sri Lanka are generally divided into a granulite-facies
terrain (Highland Complex: HC) and two amphibolite-facies terrains (Vijayan Complex:
VC and Wanni Complex: WC) which are arranged zonally from west to east: WC-HC-VC
(Fig. 1). In general, the HC and the VC are separated by a thrust boundary (Fig.
1). The relationship between the HC and the WC is indistinct in general and locationing
of the boundary differs according to the litarature (e.g. Geological Survey Department,
1982; COORAY, 1984; CORDANI and COORAY, 1989; KRONER et al., 1991) (Fig. 1).
On the other hand, the amphibolite-facies migmatitic gneisses are distributed within
the granulite terrain in the Kandy district (Figs. 1 and 2). These gneisses occur 111
basin structures (doubly plunging synforms). These basinal structures which are filled
with the amphibolite-facies rocks, are known as the "arenas" (VITANAGE, 1970). ALMOND
(1991) termed these gneisses as the Arena Gneiss. The petrologic characters of the
Arena Gneiss indicate affinity to the rocks of the 'VC, and there is a possibility that
the Arena Gneiss is the equivalent of the rocks of the 'VC (VITANAGE, 1972). Therefore,
the relationship between the Arena Gneiss and the rocks of the HC is considered to be
a significant "Key" for the solution of the unclear relationship between the HC and
the WC. However, the lithology, the precise nature of structures in arenas and the
relationship between the Arena Gneiss and the HC have not been much studied, although
the difference in metamorphic grade between them has often been emphasised.
The purpose of this paper is to clarify geologic structures in and around the
Gadaladeniya Arena and to determine the structural relationship between the Arena
Gneiss and the rocks of the He. It is important to establish the distinct relationship
between them for the construction of a tectonic model of Sri Lanka.
2. Geological setting
2.1. The outline of Precambrian rocks in Sri Lanka
The Precambrian rocks in Sri Lanka are divided into the following three major
units (Fig. 1): (1) the Highland Complex, composed of various granulite-facies suparcrustal
rocks and charnockites; (2) the Vijayan Complex, composed mostly of amphibolite-facies
gneisses; (3) the Wanni Complex, composed mostly of amphibolite-facies gneisses and
minor charnockitic gneisses.
(1) The Highland Complex
This complex composes a high-grade metamorphic belt that is widely distributed
in the central part of Sri Lanka from north-northeast to south-southwest (Fig. 1). This
belt had been divided by previous workers into the following two major lithological
groups on the basis of rock type as the Highland Group and the Southwestern Group
(COORAY, 1984), but the belt is now termed the "Highland Complex"(CooRAY, 1993),
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Fig. 1. Geological outline of Sri Lanka. Simplified and generalizied from the geological
map of Sri Lanka (Geological Survey Depatment of Sri Lanka, 1982, COORAY,
1984, CORDAN! and COORAY, 1989 and KRONER et at., 1991).
with a variety of Ignious intrusions of predominantly granitoid composItIon.
The Highland Complex (HC) is composed of granulite-facies suparcrustal sequences
intaleaved with quartzo-feldspathic and charnokitic rocks of granitoid OrIgIn. The
metasediments include metapelite and metapsamite, marble and quartzite. Charnockitic
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Fig. 2. Geological map around Kandy. The areas marked with vertical lines with A, Gd,
Gt, 0 and 1-1 are arenas. A: Aranayake Arena, Gd: Gadaladeniya Arena, Gt:
Getambe Arena, 0: Dumbara Arena, 1-1: I-Iulu Ganga Arena (modified after
VrTANAGE, 1980).
rocks include charnockite and charnockitic gneiss. Marble and quartzite often occur as
distinct layers in the other rocks of the HC (Fig. 2).
The geologic structures within the HC are complex, as the result of superimposed
deformations (BERGER and ]AYASINGHE, 1976; YOSHIDA et al., 1990). Dominant
macroscopic folds of the open to tight type with gently plunging fold hinges are developed
on almost rocks of the He. These folds form major linear folds in which the axial
traces continue from several kilometers to decakilometers. The trends of axial traces
is northeast to southwest in the northern part, north to south in the middle part, and
northwest to southeast in the southern part of Sri Lanka. Dominant linear and planar
structures are also developed in almost all rocks of the HC.
The HC was effected by polymetamorphism, which consisted of early medium-
pressure granulite-facies metamorphism (2.6-2.4 Ga and 2.2-1.8 Ga) and later
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amphibolite-facies metamorphism (1.2 Ga-950 Ma, 800-700 Ma and 600-450 Ma)
(YOSHIDA et ai., 1990). On the other hand, KRONER and WILLIAMS (1993) indicated
that the granulite-facies rocks from the HC were consistent with 2.0-3.0 Ga protolith
ages and high-grade metamorphism at about 540-610 Ma.
(2) Vijayan Complex
This complex forms the eastern part of Sri Lanka (Fig. 1) and is the same unit as
the former 'eastern' Vijayan Complex (COORAY, 1984). The Vijayan Complex (VC)
consists mainly of amphibolite-facies hornblende-biotite gneiss, banded biotite gneiss,
granitic gneiss and augen gneiss all of which were originally igneous rocks. Metasediments
are minor rocks in this complex.
Geologic structures of the VC are more complex than those of the He. Macroscopic
folds are non-linear and their hinges are highly bent.
The contact between the HC and the VC is a thrust with the former superposed
on the latter (e.g. KRONER et ai., 1987; SANDIFORD et ai., 1988) (Fig. 1).
(3) Wanni Complex
This complex extends from northern to western Sri Lanka (Fig. 1) and was previously
called the 'western' Vijayan Complex of COORAY (1984). CORDANI and COORAY (1989)
proposed the term Wanni Complex (WC), because the western Vijayan Complex appears
to have closer affinities with the HC rather than with the eastern Vijayan Complex. This
unit is composed mostly of amphibolite-facies migmatitic hornblende-biotite gneiss,
granitic gneiss and augen gneiss of igneous origin, together with abundant granitic rocks
and minor charnockites, amphibolites, quartzites and calc-silicate rocks.
The structures of the WC are also more complex than those of the HC. Macroscopic
folds are non-unifom and non-linear.
The relationship between the WC and the HC is not clear. COORAY (1991) suggested
the possibilty of a transitional boundary between the two units because of the petrological
affinities between them. However, their relationship remains to be determined.
2.2. Arena Gneiss
The doubly plunging synforms, 10 to 25 km long, developed around Kandy, were
named the "arenas" by VITANAGE (1972). Migmatitic hornblende-biotite gneiss with
minor metapelite, granitic gneiss, calc-silicate rocks and charnockitic rocks, indicating
mainly the amphibolite-facies metamorphic grade, occur inside the arenas, in contrast
to granulite-facies rocks outside the arenas (Fig. 2).
COATES (1935) reported that amphibolite-facies hornblende-biotite gneiss was present
around Kadugannawa town, and termed this gneiss the "Kadugannawa Gneisses". He
pointed out that the Kadugannawa Gneisses were interbanded with metasedimentary
rocks. COORAY (1972) suggested that hornblende-bearing rock masses which occurred
as scattered bodies within the Highland Group were formed by local concentrations of
6 Yasutaka TANI
PH 0 under granulite-facies conditions. On the other hand, FERNANDO (1970) and
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VITANAGE (1972) indicated that a possible correlation between the Kadugannawa Gneisses
and the gneisses of the Vijayan Complex due to the petrologic affinity of them. PERERA
(1983) interpreted banded hornblende-biotite gneiss inside the arenas and the pink
granites which occurred along the boundaries between the arenas and the Highland
Complex as metasediments. He also suggested that the granites were of arkosic origin,
which underwent the same metamorphic and deformational histories as the Highland
Group. COORAY (1984) considered that the Kadugannawa Gneisses might be originally
Igneous rocks such as basaltic lava or volcanic ash which had been converted into
hornblende-biotite gneiss by high-grade metamorphism. However, the latest geochemical
studies (POHL, 1991) indicate that the Kadugannawa Gneisses is derived from granitoid
precursors with distinct calc-alkaline compositions. KRONER et at. (1991) also proposed
that the Kadugannawa Gneisses are a differentiated suite of calc-alkalic intrusive rocks
ranging in composition from gabbro to pink granite with minor mafic to ultramafic
layered rocks which were intruded into l"Ocks of the HC some 890 to 1000 Ma ago.
MILISENDA et al. (1988) studied Sm-Nd model ages of Precambrian rocks in Sri
Lanka. They obtained younger model ages of 1.4Ga or J .6Ga from amphibolite-facies
gneiss which occurred inside the arenas, and older model ages of 2.2 to 3.0Ga from
granulite-facies rocks outside the arenas.
YOSHIDA et at. (1990) investigated structures of rocks in the arenas around Kandy
and Horana. They suggested a possible distinction of early minor structures and common
character in later structures between two.
ALMOND (1991) termed the amphibolite-facies gneisses inside the arenas the "Arena
Gneiss" and discussed the relationship between the Arena Gneiss and the structurally
underlying the He. He interpreted the boundary was an unconfromity or a
thrust. YOSHIDA and VITANAGE (1993) proposed that the Arena Gneiss was the equivalent
of the Wanni Complex and might be thrust over the HC for the following reasons: the
harmonious Nd model age of the Arena Gneiss with a part of the WC which extends
to the west of the Arena Gneiss, as reported by MILISENDA et at. (1988); petrologic
similarities between the Arena Gneiss and the rocks of the HC as pointed out by
VITANAGE (1972); the intimate distribution of the two units; the distinct difference
between the earlier structures and similarity for later structures of the Arena Gneiss
and the HC as stressed by YOSHIDA et at. (1990).
The Arena Gneiss has amphibolite-facies mineral assemblages, in contrast to the
granulite-facies gneisses of the surrounding the HC (BERGER and ]AYASINGHE,1976;
PERERA, 1983; COORAY, 1984). However, KRONER et at. (1991) and SCHENK et at. (1991)
suggested that all rocks exposed in the arenas had once undergone granulite-facies
metamorphism because field evidence shows at least some of the Arena Gneiss to be in
granulite grade, and evidence for retrogression is locally preserved.
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3.1. Geological outline around the Gadaladeniya Arena
The Gadaladeniya Arena is one of the arenas which occurs m central Sri Lanka,
west of Kandy (Fig. 2). The granulite-facies rocks belonging to the HC, around Kandy
include predominantly (sillimanite-) garnet-biotite gneiss, quartzo-feldspathic gneiss,
marble, quartzite, charnockitic rocks and metabasite. These rocks form distinctive layers
that can be traced along the strike for over ten kilometers, giving a superficial appearance
of a simple relict stratigraphy (BERGER and ]AYASINGI-lE, 1976). Figure 2 is the general
geological map of the area around Kandy, modified after VITANAGE (1980). The
complex distributional pattern of quartzite and marble layers shows that the rocks of the
HC were affected by multiple deformations (YOSHIDA et at., 1990). The NNW
trending macroscopic linear folds of open to tight type, mostly with upright axial surfacies,
are developed in the rocks around Kandy. These folds have gently plunging hinges
and continue for kilometers; successive antiforms and synforms have wavelengths of
about 8 km (Fig. 2). BERGER and ]AYASINGI-lE (1976) carried out a structural study in
the Kandy district and indicated three different stages of deformation (D1-D2 and
D3). They also concluded that macroscopic linear folds (D3) postdate one or two events
of isoclinal folding (D1 and D2), during which the main L-S fabric was formed. YOSHIDA
et at. (1990) also studied the deformation of the Highland Complex. They generally
followed the conclusion of BERGER and ]AYASINGHE (1976), but identified a D4
deformation superimposed over D3.
3.2. The rock types of the Gadaladeniya Arena
The rocks of the Gadaladeniya Arena consist mainly of amphibolite-facies gneisses
with minor charnockitic rocks. These rocks can be divided into the following five rock
types: (1) amphibole-biotite gneiss; (2) garnet-biotite gneiss; (3) calc-silicate rocks; (4)
granitic gneiss; and (5) charnockitic rocks. Except for charnockitic rocks, these rocks
are migmatitic gneisses in general.
(1) Amphibole-biotite gneiss
Amphibole-biotite gneiss is the most dominant rock type of the Gadaladeniya Arena
and is widely distributed (Fig. 3A). The banding, which is composed of an alternation
of salic-rich and mafic-rich layers, is well developed in this gneiss. The banded structure
is parallel to the major lithological boundaries. Foliation, which is formed by planar
preferred orientation of folia of mineral clots mostly of quartz, plagioclase, biotite and
amphibole, is also well developed in this gneiss. The foliation is generally parallel to
the banding. In some rocks, schistosity consists of the lattice-preferred orientation of
biotite. It is sometimes oblique to the banding. Mineral lineations, which consist of
mineral distributions mainly of biotite and the hinges of small folds with different
dil'ections, are developed in this gneiss. In general this I'ock is migmatitic, with various
styles of granitic veins, and is often cut by pegmatitic dikes or veins of granitic
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composition. Locally, small charnockitic patches occur In this gneIss, cutting foliation
and banding of the gneiss.
(2) Garnet-biotite gneiss
Garnet-biotite gneiss is the most typical metasediment which may orIginate from
pel itic rock. This gneiss occurs near the boundary between the Gadaladeniya Arena
and the HC as layers, with the thickness ranging from several meters to a hundred
meters (Fig. 3A). The garnet-biotite gneiss is continuous and forms the key beds for
the study of major structures of this arena. In general, banding consisting of the
alternation of salic-rich and mafic-rich layers, is conspicuous in this gneiss. Foliation
as defined by the dimensional planar preferred orientation of folia, generally composed
of aggregates of quartz, plagioclase and biotite, also occurs in this gneiss. These banded
and foliation structures are normally parallel to the major lithological boundaries between
this gneiss and amphibole-biotite gneiss. Mineral distribution lineations are often
observed. PorphyrobJast of garnet vary from one to four millimeters and are often
associated with biotite. Various types of small folds and pinch-and-swell structures are
developed in the gneiss. This rock is generally migmatitic. Small brownish charnockitic
pacthes are often observed in this rock.
(3) Calc-silicate rocks
Calc-silicate rocks occur as scattered minor rocks in the Gadaladeniya Arena. These
calc-silicate rocks are of two different types. The first is a fine-grained, dark reddish
rock with calcic garnet, and occurs in the quarry around Hepana, south of Gadaladeniya
temple. This type of calc-silicate rock occurs as discontinuous small lenses concordant
with the foliation of the surrounding amphibole-biotite gneiss. The second type is a
fine- to medium-grained, dark greenish gneiss without garnet. It occurs as discontinuous
layers with weakly developed foliation, generally concordant with the foliation of the
surrounding amphibole-biotite gneiss or with the major lith logical boundaries.
(4) Granitic gneiss
Granitic gneiss occurs as continuous layers, with the thickness varing from several
centimeters to ten meters. In general, this rock is medium- to coarse-grained and is
leucocratic or pinkish, due mainly to the weathering of K-feldspar. Distinct banding
does not occur, but foliation, which IS given mainly by the distribution of biotite, is
obset-ved. The foliation essentially is parallel to the foliation of the surrounding
hornblende-biotite gneiss or to the major lithological boundaries. I n places th is gneiss
changes to very coarse-grained, massive granitic rock.
(5) Charnockitic rocks
Charnockitic rocks, which are present in the amphibole-biotite gneiss near Boyagama
to the west of Peradeniya, are the least common rocks In this Arena. In
general, this rock type is coat-se-grained and massive, with coarse- or very coarse-grained
orthopyroxenes; however, some charnockitic rocks are gneissose, with hornblende. Small
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charnockitic patches are also observed In the amphibole-biotite gneIss and the
garnet-biotite gneiss, cutting foliation and banding of the gneisses.
3.3. Geologic structures of the Gadaladeniya Arena
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Fig. 3B. Geologic sections of the Gadaladeniya Arena. Locations of the section are given
in Fig. 3A. Legend is same as in Fig. 3A.
Well developed banding and boudinage or pinch-and-swell structures, meso- and
macroscopic folds with various styles and different directions, and mineral lineations are
observed in the amphibole-biotite gneiss and the garnet-biotite gneiss. These structures
are, on the whole, highly complex. This complexity is due mostly to multiple
deformations. The doubly plunging macroscopic synfol'm with upright axial surface is
the most characteristic major structure. This structure is called the "arena structure"
in this paper following the usage by VITANAGE (1972).
Deformational structures identified in the Gadaladeniya Arena are classified
ch ronologically as, 1: pre-arena, 2: syn-arena and 3: post-arena deformational structu res,
with the "arena structure" as a chronological criterion.
For the structural analysis, the Gadaladeniya Arena can be subdivided into eight
structural units (A-H) and each one is a homogeneous domain with respect to the
macroscopic structure (Fig. 10).
3.3.1. Pre-arena deformational strucutres (DI)
The structures that belong to this group, are characterized by banding (Sl); boudinage;
pinch-and-swell structure; intrafolial isoclinal to tight small folds (F1); and intrafolial
tight rootless small folds (Fl); and mineral lineations (Ll). All these structures are
affected by later structures (D2, D3 and D4).
Some of the above-mentioned structures may be divided into earlier and later struc-
tures, on the basis of banding. Almost all F1 folds occur as intl'afolial small folds. And
at a quarry in Matgamuwa, southwest of the Gadaladeniya temple, a xenolithic block of
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Fig. 4. F1 small folds in the Gadaladeniya Arena. A: An outcrop near Panabokka, south
of Gadaladniya Temple, showing the F1 small fold in part of a boudinaged
sillimanite-gamet-biotite gneiss. Thick lines illustrate folded garnet-rich layers. Banding
wrapping the boudin carry also indication of F1 small fold. B: An outcrop near Handessa,
northwest of Geli Oya town, showing the folded banding of the amphibole-biotite gneiss.
This is an F1 small fold of the D1 structures.
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garnet-biotite gneiss with inclined, plunging, tight small fold is embeded in garnet-biotite
gneiss. 81 bandings of the garnet-biotite gneiss wrapps the xenolithic block (Fig.
4A). This indicates that these small folds may have been produced before the formation
of the 81 banding. On the other hand, some of the Fl folds were formed after the
formation of banding structures. For example, folded banding is observed at an outcrop
near Handessa, northwest of Geli Oya town (Fig. 4B). Although there are the pre-arena
deformations may have been formed by two or more deformations, as n1entioned above,
they are collectively termed as pre-arena structures in the present report.
Banding is the most dominent planar structure in this arena and is generally parallel
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Fig. S. Distribution of measured banding in and Hound the Gadaladeniya Arena.
to the lithological boundaries. As previously stated, the foliation of the Arena Gneiss
is essentially concordant with the banding and stratigraphic boundaries. The distribution
of the banding (81) (Fig. 5) shows the "basin structure (arena structure)" formed by
the syn-arena defomation. Therefore, it is clear that banding structures and related
foliations are prior to the deformational structures related to the arena strcuture.
Fl small folds occur as intrafolial small folds between banding structures. The axial
surfaces of F1 small folds are essentially parallel to the banding, and are affected by the
syn-arena structures as same as the banding and foliation. The equal-area stereographic
projections of hinges of the F1 folds in the structural units are given in Fig. 10, with
the distribution of s-poles of banding structures. These hinges are widely scattered, and
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Fig. 6. Distribution of measured mineral lineations in and around the Gadaladeniya Arena.
The Gadaladeniya Arena is dotted.
distant from a f3 maxImum of banding in general, indicating that the hinges of Fl smal1
fold being general1y incline steeply and have various directions. These steep plunges
of the Fl smal1 folds are due to deformation by later structure.
KRIEGSMAN (1991) studied the structures of arenas, especially of the Dumbara Arena,
which occurs east of Kandy (Fig. 2), and identified the steep E trending foliations
as the first planar structure in the arena. However, such kind of foliations were not
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Fig. 7. Distribution of the measured hinges of Fl and Fhl small folds in and around
the Gadaladeniya Arena. The Gadaladeniya Arena is dotted. The arrows in the
arena, show the axes of F I small folds; the arrows outside the arena indicate the
axes of Fh 1 small folds.
observed in the Gadaladeniya A.-ena.
3.3.2. Syn-arena deformational structures (D2 and D3)
The doubly plunging synform which is the dominant macroscopic structure In this
arena, was formed during this stage. This major structure is cleady recognized in the
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Fig. 8. Distribution of the measured hinges of F3 and Fh3 small folds in and around
the Gadaladeniya Arena. The Gadaladeniya Arena is dotted. The arrows in the
arena, show the axes of F3 small folds; the arrows outside the arena indicate the
axes of Fh3 small folds.
geological map and sections (Fig. 3A and 3B), in the structural map related to the
banding (Fig. 5), and equal-area stereographic projections of s-poles of banding (Fig.
10). In the southern part of the Gadaladeniya Arena (structural units G and H),
the near-original shape of this basin structure is preserved; it is a NNW trending
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Fig. 9. Distribution of the measured hinges of F4 and Fh4 small folds in and around
the Gadaladeniya Arena. The Gadaladeniya Arena is dotted. The arrows in the
arena, show the axes of F4 small folds; the arrows olltside the arena indicate the
axes of Fh4 small folds.
plunging linear fold of close type with upright axial surface. The present shape of this
arena, as a whole, shows a distorted basin as a result of post-arena deformations.
Judging from the field evidence of minor structures and from the geometorical
analysis of the major structure on the map, this basin structure (arena structure) was
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Fig. 10. Equal-area stereographic projections (lower hemisphere) of Land S structures
of the rocks inside the Gadaladeniya Arena.
formed by superposition of the following two macroscopic folds: the earlier fold of the
gentle type with an ENE trending upright axial surface and the later fold of the close
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Fig. 11. Occurence of F2 in the amphibole-biotite gneiss from an outcrop in the place
of sOllthwest of Gadaladeniya Temple. F2 is an open type small fold belonging
to the D2 structures. F2 is cut by the foliation made of biotite (53) that belongs
to the 03 structures.
type with a NW trending axial surface.
(1) The earlier deformational structure of the syn-arena stage (D2)
The ealier deformation was characterized by the E E-WSW upright major fold of
gentle type, with a wavelength of about 30 kilometers (F2). On the other hand, the
open type small folds related to the major gentle type F2 fold are observed at the
outcrop near the Gadaladeniya Temple (F2 small folds). This F2 small fold deforms
the banding (S1) and is cut by the schistsity (S3) composed of preferred orientation of
biotite (Fig. 11) which is parallel to axial surface of F3. Therefore, F2 folds clearly
predate the D3 deformation and postdate the Dl deformation.
(2) The later deformational structure of the syn-arena stage (D3)
The later structure is chracterized by the formation of the NNW-SSE major linear
fold (F3) of the close type, with an upright axial surface and a horizontal hinge. The
wavelength of this fold is about 8 kilometers and the axial urface is generally perpendicular
to the axial surface of the F2 major fold. Judging from the geological section of southem
part of this arena (Fig. 3B; C-C'), that the F3 major fold's dips are more steep toward
its axial surface. This means the F3 major fold possibly belongs to the Class lA fold
of RAMSAY (1967), with a strongly convergent dip isogons, as described by BERGER and
JAYASHINGHE (1976). Geological cross-sections in places where the original form of F3
major fold is preserved indicate varied thickness of amphibole-biotite gneiss sandwiched
between the garnet-biotite geniss layers, when the westem limb is compared with the
eastern limb (Fig. 3B; B-B', C-C').
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The real location of the crest of the F3 major fold is not directly observed because
the portion with the original crest is underground. However, a part of the crest is
exposed in the nose of arena, as result of superposition with F2 major fold. Figure
3B (D-D') shows the geologic section in the southern nose of the arena. The geologic
sections in Figuer 3B (C-C' and D-D') indicate that the thickness of the amphibole-biotite
gneiss layers between gamet-biotite gneiss is generally same in the crest and in the
eastern limb, but the thickness in the western limb is thinner than in the crest. These
characters show that the F3 major fold is an asymmetric fold.
The NNW-SSW small folds (F3 small folds) of the close to tight type are also
observed within the F3 major fold. The equal-area stereographic projections of hinges
of these small folds with s-poles of banding structures are shown in Figure 10, along
with s-poles of banding structures. These hinges are generally parallel to the hinge of
the F3 major fold. In the field, these small folds are normally asymmetrical, showing
opposite senses in respective limbs of the F3 major fold. Hence, these small
folds belong to the structures of the later deformation and are parasitic folds of the F3
major fold. Judging from the above described fact, the F3 major fold is considered to
be a flexural shear fold.
Schistosity is weakly developed on the gneisses which occur in the margin of the
Gadaladeniya Arena. It runs generally parallel to the axial surface of the F3 major
fold and oblique to the banding or the Sl foliation. On the other hand, it is difficult
to discriminate between S3 and Sl in the central part of the arena where S3 is parallel to S1.
KRIEGSMAN (1991) suggested that two types of small folds are structures of the D3
deformation which produced major linear folds (F3 or Fh3 major folds, in this
paper). They are NNW trending small folds with steep to subvertical inclined hinges
in the central parts of the Dumbara Arena, and NN\V trending small folds with gently
plunging hinges in the rim parts of Dumbara Arena. However, F3 small folds have
gently plunging hinges and can be recognized near the central parts in the Gadaladeniya
Arena (Fig. 8). On the other hand, the small folds with steep to subvertical plunging
hinges were recognized as F1 small folds in this Arena. These small folds can also be
observed in the core and rim parts (Fig. 7). Therefore, the two types of F3 small folds
of KRIEGSMAN (1991) are not recognized in the Gadaladeniya Arena.
3.3.3. Post-arena deformational structure (D4)
A macroscopic NE-SW upright major' fold of the open type (F4) clearly identified
on the geological map (Fig. 2), was formed during post-arena deformation. The hinge
of F3 major fold is bent by the F4 folding. This deformation locally changed banding
from a NNW trend to an E trend in the structural units E and G (Figs.S and 10).
Small folds of gentle type with wavelengths of several centimeters to several meters are
related to the F4 major fold. Axial surfacies of the gentle small folds are normally
upright. In general, the hinges al'e steeply inclined, either northeast or southwest, as
shown in the equal-area stereographic projections (Fig. 10). Refolding of F1 or F3
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small folds deformed by F4 small fold, are found locally. No superposed structures
over the F4 small fold develops in the study area.
4. The geologic structures and deformations of the Highland
Complex around the Gadaladeniya Arena
The HC in this area includes mainly quartzite and quartzo-feldspathic garnet-biotite
gneiss with minor charnockitic rocks and metabasite. The quartzite generally occurs
along the boundary between the Gadaladeniya Arena and the HC. And some quartzite
layers occur within the quartzo-feldspathic garnet-biotite gneiss (Fig. 3A).
Well-developed banding and pinch-and-swell structures, meso- and macroscopic folds
of various types and different directions and mineral lineations, are observed in the rocks
of the HC around the Gadaladeniya Arena. The NNW-SSE major linear folds with
upright axial surfaces which were produced during the third deformation, as described
later, are the most dominent macroscopic structure in this area.
The distribution patterns of the quartzite and marble layers (Fig. 2), are highly
complex. This complexity cannot be explained by a simple superposition of the dominant
major linear folds and a pre-existent isoclinal fold, as stressed by YOSHIDA et ai.
(1990). Thus, the geological map itself indicates the multiple deformation of the
structures of the He.
Deformation structures identified outside the Gadaladeniya Arena are classified
chronologically as four different stages (Dhl, Dh2, Dh3 and Dh4).
For the structural analysis of the rocks of the HC around the Gadaladeniya Arena,
this area can be subdivided into seven macroscopic structurally homogeneous domains
(structural unit HA-HG, Fig. 12).
4.1. First deformational structure (Dhl)
The structures related to the first deformation (Dhl) are characterized by the banding
of gneisses (Shl); pinch-and-swell structures; intrafolial isoclinal recumbent small folds
(Fhl small folds); and intrafolial isoclinal rootless small folds (Fhl small folds). These
structures are affected by later deformations as shown later.
Banding is the most striking planar structure in the HC around the Gadaladeniya
Arena and is generally concordant with the lithologic boundaries (ShO) between the
quartzite and the other gneisses. Foliation, defined by planar preferred orientation of
folia of mineral clots composed mostly of quartz and plagioclase with minor biotite, is
developed in the metasediments of the HC. The foliation is generally parallel to the
banding (Shl) and the lithologic boundary (ShO).
The equal-area stereographic projection of s-poles of the banding around the
Gadaladeniya Arena are shown in Figure 12. The distribution of s-poles indicates that
banding structures were affected by later deformations as described later, and hence
banding and related foliation belong to the first deformational stage.
Fh 1 small folds are all the intrafolial folds. Axial surfaces of the small folds are
parallel to the banding and are deformed by the later structures together with the
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Fig, 12, Equal-area stereographic projections (lower hemisphere plots) of Land S structures
of the rocks outside the Gadaladeniya Arena,
banding, The hinges of Fh1 small folds, which have been observed at outcrops in-
structural units HA, He, HD and HE, are plotted on equal-area stereographic projections,
with the s-poles of banding (Fig. 12). These projections illustrate that the hinges plunge
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gently northwestward and generally plot around the f3 maximum and submaxima. This is
a distinctly different pattern to the distribution of the hinges of F1 small folds in this area.
4.2. Second and Third deformational structures (Dh2 and Dh3)
The geological map (Fig. 3A) illustrates the macroscopic basinal structure of the
HC which structurally underlyies rocks of the Arena Gneiss. The map shows that the
its basial structure and the arena structure are conformity. This shows the close
relationship between the two structures. Therefore, it is possible to consider that the
basin structure of the HC is equivalent to the arena structure and that is has been
formed by the same superposed deformations as the arena structure; the earlier deformation
(Dh2) formed the gentle type major folds with ENE trending upright axial surfaces
(Fh2) and the later deformation (Dh3) formed the major linear folds with the NNW
trending axial surfaces (Fh3).
4.2.1. Second deformational structure (Dh2)
The structures of second deformation are characterized by the major folds of the
gentle type mostly with ENE trending upright axial surfaces which are well seen
on the geological map (Fig. 3A). The banding of the HC (Sh1) is clearly affected by
this Fh2 folding. Although direct field evidence showing the chronological relationship
between the Fh2 and Fh3 folds is not observed, the Fh2 major folding is
established as the second deformation, as already shown.
KEI-fELPANNALA (1991) assumed that the nearly E trending major folds are the
predated folds of the major linear folds (Fh3 major folds, in this paper) in order to
explain the systematic variation in the plunge direction of the major linear folds along
their axial traces and the "dome and basin" structures in the HC. The Fh2 major fold
of present study is considered to be related to the E trending major folds of
KEHELPANNALA (1991).
\Vell continued Fh3 major folds, which are described later in detail, are developed
in the HC around Kandy and also occur in this study area, as illustrated in the geological
map (Figs. 2 and 3A) and the stereographic projections (Fig. 12). The hinges of Fh3
major folds, estimated by the distribution of s-poles of banding, show the large undulation
III the hinges of Fh3 major folds. This undulation is also related to Fh2 major folds,
as described by KEI-IELPANNALA (1991).
4.2.2. Third deformational structure (Dh3)
Structures of the third deformation are characterized by major linear folds of the
open to tight type with upright axial surfaces (Fh3 major folds). These major folds
are well identified on the geological map (Fig. 3A), by the distribution map of banding
(Fig. 5) , and by the stet'eographic projections of s-poles of banding (Fig. 12). In
general, the dips of banding of the HC in this area, incline gently in contrast to the
banding inside the Gadaladeniya Arena which has vertical to steep inclinations.
Fh3 major folds show continuous axial traces of more than 25 kilometers length
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from NW to SE. Moreover, alternate antiforms and synforms of Fh3 major folds occur
with wavelengths of about 10 kilometers around Kandy (Figs. 2). Judging from the
equal-area stereographic projections of s-poles of banding around the antiform known
as the "Peradeniya antiform" (Fig. 12; HB, HC and HD) , the hinge of the Fh3 major
fold is gently inclined northward or northwestward with a slight undulation. BERGER
and JAYASINGHE (1976) pointed out that these major folds belonged to the flexural flow
folds of the class 1C occasionally approching the class 2 of RAMSAY (1967).
Mesoscopic folds of open to tight type are locally obset'ved (Fh3 small folds). Banding
(Sh1) is deformed by the Fh3 small folds. Hinges of Fh3 small folds are plotted in
the equal-area stereographic projections of the distribution of the s-poles of banding
(Fig. 12). These projections illustrate that their hinges are distributed near the {3 maxi-
mum of the s-poles of banding. Because these {3 maxima indicate the estimated direction
of the axis of the Fh3 major folds, the hinges of Fh3 small folds are considered to be
generally parallel to the hinges of Fh3 major folds and to have been formed at the same
time, as the Fh3 major folds .
Mineral lineations, composed mainly of the distribution of biotite and elongation
of quartz, are also observed in this area. These lineations plot around the {3 maximum and
submaximum of s-poles of banding on the equal-area stereographic projections (Fig.
12). From this fact almost all mineral lineations are considered to have been formed
by the deformation related to Fh3 major folds.
4.3. Fourth deformational structure (Dh4)
The E-W major folds of the gentle to open type, mostly with upright axial surfaces
and vertical to steeply plunging hinges, were formed during the fourth deformation.
These major folds are also well identified on the geological maps (Figs. 2 and 3A) and
the distribution map of strike and dip of the banding (Fig. 5). These folds are termed
as the Fh4 major folds. Hinges of the Fh3 major folds are deformed by the Fh4 Inajor
folds.
Some of the mesoscopic folds of the gentle type, mostly with upright axial surfaces,
are locally observed in this area (Fh4 small folds). Figure 12 illustrates the steeply
plunging hinges of Fh4 small folds on the equal-area stereographic projections. Judging
from field observations, Fh4 small folds are not affected by any other structures.
Therefore, it is proposed that the Fh4 small and major folds are considered to be the
last structures in the various structures of the HC in this study area. This deformation
is referred to the D4 discribed by YOSHIDA et aZ. (1990).
5. Disucussion and Conclusion.
5.1. The primary direction of the hinges of Fl small folds.
The equal-area stereographic projection of the hinges of F1 small folds essentially
shows the characteristic zonal distribution paralleling a N-S great circle girdle (Fig.
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13). The geometrical characters given in Figure 13, however, do not show the original
direction of F1 small folds, because these structures were superposed by the later
structures. Therefore, the interference by later deformations must be removed in order
to consider the primary nature of the F1 small folds.
To analyses the F1 small folds, we have to select appropriate structural domains where
the effects of later deformations are negligibly small. In the structural units A and H,
which are situated at the nose of the Gadaladeniya Arena, the hinge of a F3 major fold has a
moderate (35°-45°) plunge (Fig. 10), indicating that F2 and F3 major folds have had
much effect on the F1 small folds. The banding in the northern part of the Gadaladeniya
Arena (structural units B, C, 0, E and F) is more complex than the southern part
(structural units G and H). For example, the banding in the northern part generally
trends NW-SE and locally E-W, but the banding in the southern part generally trends
only NNW-SSE (Figs. 3A and 5). The E trending structures were possibly formed
by the 04 deformations. Therefore, the F1 small folds occuring in the northern part
of the Gadaladeniya Arena were also much affected by the later deformations. Thus, the
data of F1 small folds obtained in the area of units A-E and H are omitted in the
analyisis of the primary characters of F1 small folds.
On the other hand, the major structure in the structural unit G shows a relatively
simple tight fold with an upright axial surface and mostly a horizontal hinge affected by
the 03 deformation (Figs. 3B and 10). This evidence probably indicates that banding
has been interfered with only the F3 major fold in this area. Therefore, it is better
that the data of F1 small folds in the structural unit G are utilized to examine of
the initial characters of the F1 small folds.
Figure 14 is the egual-area stereographic projection of the distribution of the hinges
of Fl small folds in the structural unit G. Figure 14A shows the present direction of
A
N
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Fig. 14. Equal-area stereographic projections (lower hemisphere plots) of the hinges of
F1 small folds in the structural unit G. A: equal-area stereographic projection
of hinges of F1 small folds observed in the structural unit G of the Gadaladeniya
Arena. B: equal-area stereographic projection showing the primary directions of
the hinges of the F1 small folds in the structural unit G of the Gadaladeniya
Arena after the unfolding of the F3 major fold. Broken lines in the projections
indicate the axis of the F3 major fold. Dotted lines in the projections indicate
n great circle girdle of s-poles of banding.
the hinge of Fl small fold. This projection generally illustrates the wide zonal distribution
of the hinges from NNVV' to SSE resulting from the disturbance by the F3 major
fold. The initial direction of the Fl small fold is obtained by eliminating the inference
of the F3 major fold, which belongs to the flexural shear type fold as previously stated,
following the method of HOBBS et al.(1976) (Fig. 14B). The restored data of Fl small
folds, which shows the scattet-ed distribution of the hinges of Fl small folds ranging
from 40°-80° to the axis of the F3 major fold, mostly along the circumference of the
stereographic projection, are considered to point o,ut that the Fl folds are composed of
the several foldings or to indicate that the intrafolial isoclinal Fl small folds may be possibly
sheath-like folds (Fig. 14B). However, these have not been recognized in the field.
Thus, the hinges with directions oblique to the axis of the F3 major fold at
comparatively large angles, are typical of the primary foldings during the pre-arena
deformation in the Gadaladeniya Arena.
5.2. The structural comparision and the relationship between rocks inside and
outside the Gadaladeniya Arena
5.2.1. The cogenetic structures between the Arena Gneiss and the rocks of the
Highland Complex
26 Yasutaka TANI
The geological maps (Figs. 2 and 3A) show that the axial trace of the F3 major
synform inside the arena, continues to the hinge of the Fh3 major fold of the HC outside
the arena. The equal-area stereographic projections of F3 small folds (Fig. 10) and
Fh3 small folds (Fig. 12) illustrate the similar geometrical character that most of their
hinges are distributed around the f3 maximum of s-poles of banding. This is considered
to indicate the estimated direction of hinges of the F3 and Fh3 major folds. Judging
from this, there is no doubt that F3 (D3) and Fh3 (Dh3) have been formed under the
same deformation. Therefore, the structures of the Dh3 deformation are regarded as
the later structures of the syn-arena deformation.
On the other hand, the F2 major fold (D2) structures and the Fh2 major folds
(Dh2) structures also show similar geometrical characters, as seen in the geological map
(Fig. 3A). These major folds, in common, have a same ENE trending upright
axial surface and horizontal hinge. Therefore, it is possible to consider that the F2
and Fh2 major folds have been formed by the same deformation. Thus, the structures
of the Dh2 deformation are regarded as the earlier structures of the syn-arena deformation.
As previously stated, the recognition of the F4 major fold (D4) and the Fh4 major
folds (Dh4) are due to the bending of the hinges of the F3 and Fh3 major folds. The
geological map illustrates the similar character of the F4 and Fh4 major folds and the
common axial surface between them in this area (Fig. 3A). The conclusion is that the
F4 (D4) and Fh4 (Dh4) folds have been formed under the same deformation. Therefore,
the structures of the Dh4 deformation are regarded as the structures of post-arena
deformation.
Thus, the Arena Gneiss and the rocks of the HC are considered to have been
affected by the cogenetic deformation during the syn-arena and post-arena deformational
stages (D2-D4 and Dh2-Dh4).
5.2.2. The non-cogenetic structures between the Arena Gneiss and the rocks
of the Highland Complex
Hinges of the F1 small folds are inclined at large angles to the hinge of F3 major
fold, as previously stated in section 5.1. Hinges of the Fh1 small folds are generally
distributed around the f3 maximum and submaxima of the equal-area stereographic
projetion (Fig. 12). This illustrates that the hinges of Fh1 small folds are parallel or
inclined at low angles to the hinges of the Fh3 major folds. Thus, the F1 and Fh1 small
folds have principally different diI'ections with regard to the F3 and Fh3 major folds.
ALMOND (1991) indicated that the Arena Gneiss and the rocks of the HC around
Kandy have had largely parallel structural histories. KRONER et al. (1991) also suggested
that the Arena Gneiss and the rocks of the HC experienced the same deformations and
metamorphism. However, the structures inside and outside the Gadaladeniya Arena
show dissimilarity with respect to the earlier structures which have been formed before
the syn-arena deformational stage, and possibly indicate non-cogenetic deformation before
the syn-arena stage. This is in agreement with the conclusions of YOSHIDA (1989) and
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YOSHIDA et al. (1990), who have suggested differences between the earlier structures of
the Arena Gneiss and the rocks of the HC.
5.2.3. The relationship between the Arena Gneiss and the rocks of the Highland
Complex
It is recognized on the geological maps around the Gadaladeniya Arena and Kandy
(Figs. 2 and 3A) that quartzite layers and banding (8h 1) in the HC are often oblique
to the base of the Arena Gneiss of the Gadaladeniya Arena with a very low angle;
furthermore, quartzite layers often disappear under the Arena Gneiss, as suggested by
YOSHIDA et al. (1990). Moreover, the layers of granitic gneiss or banding (81) in the
Gadaladeniya Arena, are locally oblique to the boundary between the Arena Gneiss and
the rocks of the HC, and are cut by the boundary. These facts support the possibility
of a structural discordance between the Arena Gneiss and the rocks of the HC.
On the other hand, the cogenetic structures of the Arena Gneiss and the rocks of
the HC as well as their present distribution (see Fig. 3A), indicate that the Arena Gneiss and
the rocks of the HC have undergone the same structural histories during middle and
later (D2-D4 and Dh2-Dh4; syn- and post-arena) deformational stages. The non-
cogenetic structures in the earlier (D1 and Dh1) deformational stage, however,
were formed under the different deformations in the Arena Gneiss and the rocks of
the HC.
These facts may indicate that the earlier structmes (D1 and Dh 1) of the Arena
Gneiss and the rocks of the HC have been formed under different and distant tectonic
enviroments dming the earlier deformational stages (D1 or Dh1); that the Arena Gneiss
are juxtaposed with the rocks of the HC by thrusting after the formation of the D1 and
Dh 1 structmes; and that they have been affected by common deformations in the present
situation during syn- and post-arena deformational stages. However, the evidences of
thrusting has not been observed in the contact between the two units. It is also probable
that the shearing structures produced by the thrusting have been highly disturbed and
cannot be recognized because of repeated post-thrusting multiple deformatons and
high-grade metamorphism.
COOHAY (1972) and PEHEHA (1983) proposed that the Arena Gneiss was formed by
local concentrations of P H20 under granulite-facies metamorphism in the HC. KHONEH
el al. (1991) suggested that the amphibolites, hornblende-biotite and biotite gneisses
In the arenas was emplaced as a composite I-type pluton or a series of intrusives over
a period of about 100Ma early in the structural and metamorphic histories of the
HC. They also state that retrogressive metamorphism from granulite-facies assemblage
IS observed locally.
Thus, there are some 0p111l0nS that the Arena Gneiss is an autochthonous rock
body to the rocks of the He. However, the Arena Gneiss IS allochthonous to the
rocks of the HC from the structural point of view. This IS concordant with the
conclusions of YOSHIDA and VITANAGE (1993) who have suggested that the Arena Gneiss
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may be thrust over the He. It should be admitted, however, that evidence for thrusting
has not, so far, been seen as recorded.
5.3. Conclusions
The Gadaladeniya Arena is characterized by a major elongate basin structure (doubly
plunging synform) filled by the Arena Gneiss composed of the amphibolite-facies
metamorphic rocks of migmatitic amphibole-biotite gneiss, garnet-biotite gneiss,
calc-silicate rocks, granitic gneiss and miner charnockitic rocks. They suffened complex
superposed L-S structures which are composed of the structures of four deformational
stages (Dl, D2, D3 and D4).
The structures in the rocks of the Highland Complex amund the Gadaladeniya
Arena also show complex structures formed by four deformations (Dhl, Dh2, Dh3 and
Dh4).
The structures inside and outside the Gadaladeniya Arena are compared: the later
three structures (D2-D4 and Dh2-Dh4) have similar characters of fold styles and indicate
thei r cogenetic nature.
However, the orientation of the earlier (Dl and Dh 1) structures show distinct
difference with regard to the orientation of the syn-arena structures and this indicate
their non-cogenetic nature.
From the facts described above, the Arena Gneiss are considered to be the essentially
allochthonous to the mcks of the Highland Complex, and might have been thrust over
the Highland Complex synchronously with or before the second deformation (D2 and
Dh2). After that, both rocks were altogether affected by the later (D2-D4 and Dh2-Dh4)
deformations.
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